outcome of primary surgery for rhegmatogenous retinal detachment. II.
Introduction
Prior to Gonin's understanding of the pathophysiology of retinal detachment, surgical or spontaneous cure was rare. 1, 2 He laid the foundations for successful retinal detachment surgery in the 1920s in a largely unselected series 3 and the proportion of patients judged suitable for surgery and the proportion of patients with successful anatomical outcome rose over the following decades. [4] [5] [6] Variation exists in the reattachment rates of published series for reasons which remain unclear. [7] [8] [9] [10] [11] With such variation existing in the literature and no consensus on how to explain the differences, setting robust, valid and relevant standards for local audit becomes difficult.
This national study has focused on primary surgery for rhegmatogenous retinal detachment and the design allowed the success rates for detachments of differing morphology to be examined in detail.
Eye

Methods
The methodology and validation studies have been described in detail in our previous paper 12 but in summary, clinical data were collected in a national cross-sectional survey of all consultants who performed retinal detachment surgery in the National Health Service. Consultants selected patients undergoing primary surgery for simple rhegmatogenous retinal detachments according to study eligibility criteria and supplied data on patients' pre-operative factors, type of surgery, anatomical outcome and complications.
The main outcome measure was complete retinal reattachment at 3 months post-operatively. Secondary outcome measures were complication rates. These were compared to pre-determined audit standards set by the steering committee. 12 Detachments were graded into four categories for subgroup analysis. 12 
Results
Reattachment
Anatomical outcome at 3 months was known in 95.3% (732/768) of the eligible patients. Table 1 outlines the management of all patients by specialists and nonspecialists respectively. The reattachment rates at 3 months are given in Table 2 . Bearing in mind reported activity rates, 12 the estimated annual success rate for primary rhegmatogenous retinal detachments in the United Kingdom (UK) is 81.0% for all patients after a single procedure. This equates to 8339 of the 10 284 primary procedures for rhegmatogenous retinal detachment being successful.
Success rates by specialist interest
The rates of reattachment by specialist interest are shown in Table 3 . Specialists have significantly higher reattachment rates at 3 months than non-specialists for both a single procedure to reattachment and when A number of patients were lost to follow-up at 3 months but whether their retina had reattached or not following surgery was known at 1 month. The reattachment rate for specialists at one month has increased slightly compared to 3 months, to 82.5% (340/412), as a number of patients with successful surgery who were discharged early have been included. The reattachment rate for non-specialists at one month has decreased slightly compared to 3 months, to 70.2% (236/334).
Success rates by grade of surgeon
When the proportion of patients who had a successful anatomical reattachment with a single procedure was examined by grade of surgeon, specialist consultants had the highest success rates. For most detachments in the study, the primary surgeon was a consultant. A non-consultant was the primary surgeon for relatively few detachments and with the exception of fellows their results fall below the standards for the audit, 12 whether supervised by a consultant or not. Reattachment rates for each grade of surgeon are given in Table 4 . The reattachment rates when non- Eye consultants were the primary surgeons are given by grade of assistant in Table 5 .
Success rates by grade of detachment
Reattachment rates by grade of procedure and type of operative procedure used are given in Table 6 . Grade 1 detachments, a single tear with less than 1 quadrant of associated retinal detachment, had the best rates of reattachment, though over 11% of those operated on by specialists, and 15% of those operated on by nonspecialists failed to be reattached with a single procedure. Specialists used conventional drainage surgery in a higher proportion of grade 1 detachments than non-specialists, though reattachment rates were similar. Nine patients had a pars plana vitrectomy for a grade 1 detachment.
The most significant difference in reattachment rates between specialists and non-specialists was seen with grade 2 detachments (single or multiple breaks within the same quadrant and/or less than two quadrants of retinal detachment), 87% and 70% respectively. This was also the largest group of detachments in the study. The reattachment rate for specialists differs little from their rate for grade 1, but the failure rate for a single procedure was double for non-specialists, due to a preponderance of early failures.
The reattachment rates for the more complex grade 3 detachments were lower compared to grades 1 and 2, by specialists and more so by non-specialists. Nonspecialists performed fewer grade 3 detachments than specialists and the disparity in activity between the two groups of surgeons increases for grade 4. Morphologically, grade 4 was a heterogeneous group of detachments and it would be difficult to comment on the success rates for either group of surgeons. Table 7 gives reattachment rates for detachments stratified according to the nature of the retinal break. The reattachment rates for horseshoe tears are marginally lower than the overall rates and there is a significant difference between specialists and non-Eye Table 5 Reattachment rates at 3 months for a single procedure where non-consultant was primary surgeon by grade of assistant specialists. Reattachment rates for both groups of surgeons are slightly higher for a single procedure for retinal holes than their overall rates and while a statistically significant difference remains between the two groups, it is less marked. The numbers of detachments in the mixed tear and hole group is smaller than the first two groups. The difference in reattachment rates between the two groups is not statistically significant. Though the numbers in the dialysis group are small, they have better reattachment rates than other types of breaks with similar rates for both groups of surgeons. There were few detachments secondary to giant retinal tears and specialists performed all surgery. The reattachment rate is well below the overall rate.
Success rates by break type
Multivariate analysis
The results of multivariate analysis show that specialist status was the most important indicator of successful anatomical reattachment with a single procedure. Allowing for the other factors, patients operated on by specialists were over three times more likely to have successful anatomical reattachment with a single procedure (odds ratio 3.6, 95% CI 2.2-5.9). Increasing grade was associated with decreased likelihood of successful anatomical reattachment. Grade 2 detachments were nearly three times less likely to reattach with a single procedure compared to grade 1 (odds ratio 0.36, 95% CI 0.16-0.84). Grade 3 and grade 4 were even less likely to reattach compared to grade 1 having odds ratio 0.17 (95% CI 0.07-0.41) and 0.15 (95% CI 0.05-0.40) respectively.
The delay between presentation and surgery ranged from 0 to 552 days (median 2 days). Patients with a delay between presentation and surgery of over 30 days, were slightly more likely to have a successful anatomical result compared to patients whose operation was performed within 1 day of presentation (odds ratio 4.5 95% CI 1.1-18.6). This supports the notion that patients who were selected to wait for surgery were those who had a good prognosis for Eye reattachment and that delaying their surgery did not change this. Type of surgery, break type and high-risk status were not associated with a poorer outcome in the multivariate analysis.
Complications
Over one third of patients had at least one complication noted at some point in the 3-month follow-up period. Overall complication rates for each time point are shown in Table 8 . There was no significant difference between the overall complications rate of specialists and non-specialists.
Per-operative complications
The rate for reported unplanned sub-retinal fluid drainage was 2.7% (21/768) and that for retinal incarceration 0.7% (5/768). The sample met the audit standards 12 for retinal incarceration and unplanned sub-retinal fluid drainage and there was no significant difference between specialists and non-specialists. Other complications reported included corneal abrasion (five patients), scleral rupture (two patients), elevated intra-ocular pressure requiring intervention (eight patients), and iatrogenic break (six patients). Iatrogenic breaks occurred only in patients undergoing pars plana vitrectomy, which gives a rate of 4.9% (6/122) for iatrogenic break for patients having pars plana vitrectomy in this cohort. Information was specifically sought on intra-ocular haemorrhage. In total, 7.2% (55/759) patients were reported to have had an intra- ocular haemorrhage, but details of the site, extent and significance were not generally reported.
Early complications
Only one patient developed endophthalmitis postoperatively (0.1%). The sample met the audit standards 12 for endophthalmitis. Other reported complications in the early post-operative period included diplopia (six patients), elevated intra-ocular pressure (13 patients), choroidal effusion (four patients), cataract (four patients), plomb problems (four patients) and vitreous haemorrhage (four patients).
Late complications
The reported rate for macular pucker was 4.4% (34/768), proliferative vitreoretinopathy was 4.8% (37/768) and late diplopia was 2.6% (20/768). The sample met the audit standards 12 for these complications and there was no statistically significant difference in rates between specialists and nonspecialists. A significantly higher proportion of nonspecialists' cases had explant related complications than specialists' cases (14/343, 5/425 respectively, P Ͻ 0.04) during the 3-month follow-up. Other recorded complications in the late post-operative period were cataract (12 patients), cystoid macular oedema (three patients), uveitis (three patients), anterior segment ischaemia (one patient), and rubeosis (one patient).
Discussion
Overall the sample met the audit standards 12 for reattachment but this combined outcome measure conceals a difference in reattachment rates between specialists and non-specialists. Most non-specialists performed few detachments annually and their lower success rate may be related to this or poor case selection. Other than for the simplest detachments (grade 1-a single retinal break with less than one quadrant of associated retinal detachment) and dialyses, non-specialists perform below the reattachment rates achieved by specialists. Nonspecialists have the option of choosing which detachments to operate on and which to refer, so that reattachment rates should be demonstrably comparable to or better than those of specialists if surgery by nonspecialists is to be justified and sustainable in terms of clinical governance. The results for grade 1 surgery were above the set standard, 12 although many specialists would be disappointed at a failure rate of over 11% for grade 1 detachments.
Grade 2 detachments (single or multiple breaks within the same quadrant and/or less than two quadrants of retinal detachment) formed the largest group of detachments within the survey. The statistically significant differences in reattachment rates between specialists and non-specialists persists even in the cohort limited to conventional surgery implying that surgical technique in addition to case selection is significant. Early failures generally result from incomplete closure of breaks at primary surgery or missed primary breaks. 13, 14 The fact that missed breaks are significant implies that successful management of retinal detachment requires good surgical skills, careful case selection and meticulous examination of the patient prior to surgery, in order that all retinal breaks and other relevant retinal pathology be identified and managed appropriately. 15 The low rates of surgery performed by non-specialists, possibly reflecting in part low numbers of patients presenting to them with retinal detachments, may not be sufficient to maintain such clinical and surgical skills thereby contributing to higher failure rates.
Non-consultants were the primary surgeons in relatively few detachment repairs. With the exception of fellows, their reattachment rates fell well below the standard set for the audit. Specialist registrars when assisted by a non-specialist consultant had far lower reattachment rates than those assisted by specialist consultants, which suggests that the training offered in such circumstances, may be inadequate. The complication rates for trainees were similar to those of consultants, indicating that primary failures were not secondary to complications but poorly performed surgery. Careful patient selection has been shown to provide acceptable reattachment results for trainees. 9 In the context of clinical governance, training must be shown not to compromise patient safety.
The retrospective design of the study could lead to under-reporting of complications. Despite this, over one third of patients were reported to have had at least one complication reported during the 3-month followup period. The standards set for complications were met, and in some circumstances the reported rates were better than the audit requirements. The only complication with different rates between specialists and non-specialists was protruding explants. The previous comments about the maintenance of surgical skills may similarly apply in this instance.
Until recently all surgeons in the UK were required to perform retinal detachment surgery before the award of a certificate of higher surgical training. Recent changes to training programmes have removed the requirement for trainees to perform any practical retinal surgery. Unless trainee surgeons have undertaken specialist training in retinal surgery, they cannot be expected to have sufficient expertise in the surgical management of retinal detachments on becoming a consultant.
To date there has been no co-ordinated planning for the provision of surgical retinal services in the UK and the current service has developed in an ad hoc fashion with wide regional variations in the numbers of specialist retinal surgeons. Historically there has been a drift towards retinal surgery being performed increasingly by retinal sub-specialists. The results of this audit confirm that retinal sub-specialists do on average achieve better surgical outcomes compared with non-specialists. If primary retinal detachment surgery were to be performed exclusively by subspecialists there would be a need to expand specialist centres in each region. Such a change in practice would have significant resource implications and would impact not only on provision of patient care but also on surgical training. The authors do not consider it their role to formulate recommendations regarding service provision based on the results of this audit and this study neither endorses nor refutes the practice of any individual surgeon. These results do however support the notion that surgeons with a declared interest, specialist post-graduate training, and a greater throughput of retinal detachment cases achieve better surgical outcomes.
This national audit provides an indication of success rates for a variety of groups of surgeons and suggests possible areas of concern, where performance may not be as good as expected. It is hoped that these results, and the standards set by the steering committee, will be useful as benchmarks against which all surgeons can judge themselves when auditing their own surgical practice to improve further on primary success rates. Outcome information in relation to case mix may assist non-specialist surgeons in deciding which patients to operate on and which to refer on to a retinal specialist.
